This work deals with a theoretical study of the molecular structure of colchicine. The equilibrium geometry, harmonic vibrational frequencies, infrared intensities and Raman scattering activities were calculated by the ab initio Hartree-Fock method and the Density Functional B3LYP method employing 6-31G(d) as the basis set, and the vibrational studies were interpreted in terms of the potential energy distribution (P.E.D.). The internal coordinates were optimized repeatedly to maximize the P.E.D. contributions. A detailed interpretation of the infrared and Raman spectra of colchicine is reported. The scaled theoretical wave numbers are in perfect agreement with the experimental values. The FT-IR spectra of colchicine was recorded in solid phase, and the FT-Raman spectra of colchicine have been taken from the literature.
Introduction
Theoretical calculations on gas phase organic molecules are an invaluable complement to experiments, whereas infrared (IR) spectroscopy studies can identify structural features occurring in the observed conformers. Comparison with computed data for the energetic and vibrational frequencies is crucial for conversion of the observed spectra into structural assignments.
Nature produces many natural products that are antibiotics, pharmacological agents or are otherwise of interest in human or animal medicine. While their purpose in nature remains obscure in most instances, they are still found to be useful for the treatment of a disease. Accordingly, it seems likely that the properties of natural products can be optimized for their projected use [1] . Colchicine (C 22 H 25 NO 6 ) is a highly poisonous water-soluble alkaloid, originally extracted from plants of the genus Colchicum(Autumn) crocus, also known as the "Meadow saffron" [2] . Colchicine is approved by the Food and Drug Administration (FDA) for the treatment of gout and also for Familian Mediterranean fever, secondary amyloidosis (AA), and Scleroderma [3] [4] [5] [6] [7] . Its pain-relieving and anti-inflammatory effects for gout were linked to its binding with the protein tubulin. The chemical specificity of the colchicine binding site of tubulin is less stringent for the presence of the R2 ring than is the case for the R3 and R1 rings of colchicine. Consequently, the colchicine analogues with some modifications in the R2 ring bind to tubulin protein at the same receptor site as colchicine. Moreover, analogues with smaller or no substituents in the R2 ring bind to tubulin remarkably faster than colchicine [2, 8, 9] . vibrational frequencies. Thus the evaluation of both the methods is useful for obtaining a reliable assignment of the vibrational spectra. This study is important as a basis for further work on colchicine, in which presumably some modifications by chemical reaction such as oxidation/reduction on polyfunctional bioactive natural product may generate new reactive sites in the molecule. The aim of this study is to check the performance of ab initio Hartree-Fock and density functional B3LYP method for simulation of IR and Raman spectra of the title compound by the use of a standard 6-31G(d) basis set. To the best of our knowledge, neither the complete Raman and IR spectra nor the quantum chemical calculations for colchicine have been reported so far in the literature.
Experimental
The FT-IR Spectra of colchicine have been recorded in CsI on a Perkin Elmer 1800 Spectrophotometer. Spectroscopic preparations of the sample were carried out under an atmosphere of prepurified nitrogen. FT-Raman Spectra of colchicine are taken from the literature [10] . Colchicine was isolated from Colchicum autumnale [11] . The compound was identified by comparison of its IR, MS, and NMR data with those reported in the literature [12, 13] . The observed FT-IR and FT-Raman spectra of colchicine are shown in Figures 1 and 2 respectively. 
Computational details
All the calculations were performed at Hartree-Fock (HF) and DFT/B3LYP level on a Pentium IV/1.66 GHZ personal computer using a Gaussian 03W [14] program package, invoking gradient geometry optimization [15] . The initial geometry generated from standard geometrical parameters was minimized without any constraint in the potential energy surface at Hartree-Fock level, adopting the standard 6-31G(d) basis set. This geometry was then re-optimized again at B3LYP level, using the basis set 6-31G(d) for better description. The optimized structural parameters were used in the vibrational frequency calculations at the HF and DFT/B3LYP levels to characterize all the stationary points as minima. We have utilized the gradient corrected density functional theory (DFT) [16] with the three-parameter hybrid functional (B3) [17] for the exchange part and the Lee-Yang-Parr (LYP) correlation function [18] , accepted as a cost effective approach, for the computation of molecular structure, vibrational frequencies, and energies of optimized structures. Density functional theory offers electron correlation frequently comparable to that from second-order Moller-Plesset theory (MP2) [19, 20] . Next, the spectra were analyzed in terms of the P.E.D. contributions by using the VEDA program [21] . Finally, the calculated normal mode vibrational frequencies provide thermodynamic properties also through the principles of statistical mechanics.
Results and Discussion

Geometry Optimization
The optimized structure parameters of colchicine calculated by ab initio, HF and DFT, B3LYP levels with the 6-31G(d) basis set are listed in Table 1 
Vibrational Assignments
The molecule studied has 54 atoms and 156 normal modes of fundamental vibration. Detailed description of vibrational modes can be given by means of normal coordinate analysis. The detailed vibrational assignments are achieved by comparing the band positions and intensities observed in FT-IR and FT-Raman spectra with the wave numbers and intensities obtained from molecular modeling calculations at HF/6-31G(d) and B3LYP/6-31G(d) level. The assignments are given in Tables 2 and 3 . [22] . The descriptions concerning the assignment have also been listed in Tables 2 and 3 . VEDA Program [21] was used for P.E.D. analysis and for assigning the calculated harmonic frequencies.
The harmonic vibrational frequencies calculated for colchicine at HF level using basis set 6-31G(d) have been collected in Table 2 and those at B3LYP level using 6-31G(d) have been collected in Table 3 . The observed FT-IR and FT-Raman frequencies for various modes of vibrations are also presented in Tables 2 and 3 .
Carbonyl Absorption
Carbonyl absorptions are sensitive; both the carbon and the oxygen atoms of the carbonyl group move during the vibration and they have nearly equal amplitudes. In the present study, the C=O stretching vibrations are observed at 1660 and 1610 cm -1 ; such values are in agreement with the calculated frequencies obtained at 1744 and 1722 cm -1 for HF and those obtained at 1709 and 1635 cm -1 for the B3LYP method, respectively.
N-H Vibrations
In all the heterocyclic compounds, the N-H stretching vibrations [23] occur in the region 3500-3000 cm -1 . In the present study, the N-H vibration is calculated at 3454 cm -1 for HF and at 3475 cm -1 for B3LYP method, in agreement with the observed frequency obtained at 3446 cm -1 . Some bending vibrations of N-H are also calculated and the values are supported by the literature [23] .
C-H Vibrations
The hetero aromatic structure shows the presence of C-H stretching vibrations in the region 3000-3100 cm -1 , which is the characteristic region for the ready identification of the C-H stretching vibration [24] . In the present study the C-H stretching vibration of the title compound is observed at 3060 cm -1 in good agreement with the frequency calculated at 3023 cm -1 for HF and at 3067 cm -1 for B3LYP method. Some other C-H stretching vibrations are also calculated at 3027, 3025, 3010 and 2933 cm -1 for HF and at 3088, 3083, 3062 and 2994 cm -1 for B3LYP method; these are all supported by the literature [24] . Some bending vibrations of C-H are also calculated and are supported by the literature [24] .
Methylene Group Vibrations
The asymmetric CH 2 stretching vibrations are generally observed in the region 3100-3000 cm -1 , while the symmetric stretching vibrations are generally observed between 3000 and 2900 cm -1 [25] . The CH 2 asymmetric stretching vibrations are calculated at 2915 and 2885 cm -1 for HF and at 2977 and 2956 cm -1 for B3LYP method, whereas CH 2 symmetric stretching vibrations are also calculated at 2873 and 2857 cm -1 for HF and at 2934 and 2909 cm -1 for B3LYP method, respectively. The bands corresponding to different bending vibrations of CH 2 group are summarized in Tables 2 and 3 for HF and B3LYP method, respectively, and are supported by the literature [25] .
C-C Vibrations
The C-C aromatic stretching bands known as semi-circle stretching were calculated at 1644, 1632, 1600, 1572, 1527 and 1275 cm -1 for HF and at 1592, 1583, 1576, 1543, 1501 and 1275 cm -1 for B3LYP method, respectively; the values are in perfect agreement with the observed frequencies. The theoretically calculated C-C-C bending modes and C-C torsional modes have been found to be consistent with the recorded spectral values. [26] . In the present study, various bending vibrations of CH 3 group are also summarized in Tables 2  and 3 for HF and B3LYP method and are supported by the literature [26] .
Methyl Group Vibrations
C-N Vibrations
The identification of C-N vibrations is a difficult task, since the mixing of vibrations is possible in this region. In this study, the C-N stretching vibrations are calculated at 1232, 1212 and 1103 cm -1 for HF and at 1229, 1223 and 1114 cm -1 for B3LYP method, respectively; these values are supported by the observed frequencies and the literature [27] . The various bending and torsional vibrations assigned in this study are also supported by the literature [27] .
C-O Vibrations
In this study, the C-O stretching vibrations are calculated at 1320, 1259, 1250, 1079, 1057, 1027, 1004, 983 and 923 cm -1 for HF, whereas for B3LYP method C-O stretching vibrations are calculated at 1309, 1263, 1248, 1090, 1040, 1014, 994, 979 and 916 cm -1 respectively; these values are also supported by observed spectra and literature [28] . The various bending and torsional vibrations assigned in this study are also supported by the literature [28] . (Continued on next page) 
